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PROCESS FOR PREPARATION OF 3 - LACTAMS AT CONSTANTLY HIGH 
CONCENTRATION OF REACTANTS 

TECHNICAL FIELD 

:hl£ invention relates tc a an improved process for 
^reparation of 6-Lactam derivatives by enzymatic deviation of 
:he parent amino ^-lactam with an acyiating agent. 


BACKGROUND ART 

Today, semisynthetic 3-lactam derivatives such as amciciilin, 
amoxicillin, cefaclor, cephalexin, cephadrcxil and 

cephaioglycm are, m an industrial scale, prepared by 
chemical methods, for example by reacting an amine ^-lactam 
sucr. as 6 -aminopenic i 1 lame acid, usually having its carboxyl 
group protected, with an activated side chain derivative, 
followed by the removal c: the protecting group by -ydrolys- 
is. For example, ampicillm ( 6-D-cr-ammophenyi acetamido- 
pemcillamc acid) can be prepared by reacting 6-APA, having 
a suitable protected carboxyl group , with D-pher.vigiycine 
acid chloride, followed by removal of the protective crcuc bv 
hydrolysis. These reactions typically involve costly steps 
sucr. as sub zero degree Ceicius conditions and craanic 
solvents like methylene chloride and silylation reagents. 

Within the last years, there has been an increasing 
amount cf publ i cat ions concerning the possibility z f enzym- 
atic preparation of penicillins and cephalosporins by react- 
ion of an acyiating agent, be it m acid form or m activated 
f orr. (for example , amide or ester) and the parent ammo c- 
lactam (for example, 6-APA or 7 -ADC A) . For example, enzym- 
atic production cf ampiciiiin from 6-APA and a D-pr.snyl- 
giyeme derivative ;such as a lower alkyl ester; is known 
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frcn West German parent application having publication No. 
2,162,792, Austrian Patent Nc . 243,986, Dutch patent 
application No. 70-0913S, West German patent application 
having publication No. 2,621,613, European patent application 
having publication No. 3 39,751 and PCT patent application 
having publication No. 92/01061. 


The enzymatic acylation of an amine ^-lactam with an 
acyiating agent may be performed in the presence of a 
suitable amidase or acylase whereby the desired i-lactam 
derivative is formed. The parent amino /--lactam and the 6- 
lactam derivative have the same ^-lactam nucleus. In the (3- 
iac-am derivative endproduct the 6-NH 2 side chain or the 
penem parent /3 -lactam or the 7-NH 2 side chain of the cephem 
parent ^-lactam are acylated. 

This reaction can be illustrated by the following reaction 
scheme I : 

Reaction scheme I 

Acyiating agent + amino /3-iactam - ^-lactam derivative 

If this process is performed batchwise , it has been 
discovered that at the beginning of the reaction, an 
increasing amount of ^-lactam derivative is formed whereas, 
after a certain period of time , the amount of 2 -lactam 
derivative present in the reaction mixture is decreasing. The 
decomposition of the ^-lactam derivative formed may be due to 
hydrolysis thereof whereby amino j3-lactam and the acid form 
cf the acyiating agent is formed. In addition, the enzyme 
present may decompose the starting acyiating agent. 
Conseauently, at least two sorts cf decomposition may take 
place during such a reaction. 

One object of this invention is to furnish a process whereby 
the molar ratio between the amount of ^-lactam derivative 
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vhicr. can be recovered from the reaction mixture and the acid 
form, of the acylatinc acent formed during the reaction is 
increased, compared with this ratio for the known processes. 

BRIEF STATEMENT OF THIS INVENTION 

It has now, surprisingly, been found that improved process 
conditions are obtained if the enzymatic acylaticn of the 
amino 3 - lactam is performed at constantly high concentrations 
of ooth the parent amino ,5- lactam and the corresponding 
acylating agent. Preferably the concentrations of the parent 
amine /3-iactam and of the corresponding acylating agent are 
higher than 70%, preferably higher than 85% of the lowest 
value of both the saturated concentration of the parent amino 
^-lactam and of the saturated concentration of the 
corresponding acylating agent. 

The advantages of this invention are, inter alia , as follows: 

1) An improved mclar ratio between the amount of (3- 
lactam derivative which can be recovered from the reaction 
mixture and the amount cf the acid form of the acylating 
agent, compared with this ratio for the known processes, is 
obtained. This improvement has direct impact on the economy 
cf tne process due to the reduced ccnsur.pt icn cf acylating 
acent versus ^—lactam derivative w hich can be recovered f^om 
the reaction mixture. This improvement also has an indirect 
impact on the economy of the process due to the lower amount 
cf the acid form cf the acylating agent which is to be 
removed from the desired /3-lactan derivative. 

2) An increased yield cf the ^-lactam derivative is 
obtained . 

2) An increase in the productivity of the -2 -lactam 

derivative is obtained. This productivity is defined as the 
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a incur.:: cf ^-lactam derivative vhic: 
unit cer 


can be recovered per time 


/clume unit cf the reaction mixture 


DETAILED DESCRIPTION OF THIS INVENTION 

Herein, the terms (parent) amine ,3-lactam and acylating agent 
have been used fcr the tve sta 


:tmc materials 


'he term, (3- 


^actam del 


vative has been used for the desired end product. 


As -entioned above, two undesired deccmpos it ion reactions 
take place during the process m question and these reactions 
nave been illustrated m the following reaction scheme II 
vhic- also shows the parent reaction from reaction scheme I: 

Reaction scheme II: 


Acylating agent + ammo p-lactam - ,fl -lactam derivative 


■ v 2 

Acid form of the 
acylating agent 


v- 


Acid form of the 
acylating agent 


amino fi-lactam 


In reaction scheme II, v : is the reaction rate for the 
reaction: acylating agent * amino S-Iactam - 5-Iactam 
derivative, v 2 is the reaction rate for the reaction: 
acylating agent - acid form of the acylating agent, and v 3 is 
the reaction rate for the reaction: ^-lactam derivative - 
ac - ^crm of the acvlatmg agent - ammo 5 -lactam . 


Cne way of performing the process at constantly high 
concentrations of reactants according to this invention is to 

formation of the desired j -lactam 


maintain tne 


rate or 
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derivative in the reaction mixture (v 1 ) within a certain 
ranee for a certain period of time. Preferably, the rate of 
formation of the desired 2- lactam derivative does , during a 
period of not less than 5 hours, preferably not less than 10 

5 hours, not deviate more than ± 50 %, more preferred net more 

than z 2 0 % , most preferred not more than r 10 %, from the 
average rate of formation of the desired 2-iactam derivative 
during the same period of time. 

To take an example , i f the average rate o : f crmat- 

10 ion of amoxicillin during a period of 20 hours is 2.5 Pinoles/ 

minute/ml reaction mixture, then the rate of formation of 
amoxicillin during this pp »- i. nri of time should preferablv be 
within the range from 1.2 to 2.9 Limeles/minute/mi \ 

Anctner way of performing the process at constantly high 
15 concentrations of re act ants according to this invention is to 

maintain the net rate cf formation of the desired J -lactam 
derivative in the reaction mixture (v 1 minus v 3 ) within a 
certain range for a certain period cf time. Preferably, the 
net rate of formation of the desired 0- lactam derivative 
20 does, during a period c f not less than 5 hours , preferably 

net less than 10 hours, not deviate more than c 50 %, more 
preferred not more than r 20 %, most preferred not more than 
1 10 % , from the average net rate of formation cf the desired 
j-lactam derivative during the same period of time. 

If A still further way of performing the process at constantly 

hi on concent rat ions of react ants according to this invent ion 
is to maintain the ratio between, on one hand, the net rate 
cf formation c f the des ired 5 -lactam derivative m the 
reaction mixture (v 1 - v 3 ; and, on the ether nana, the total 

30 rate of formation of the acid form of the acyiatmc agent m 

the reaction mixture ( v 2 + v 3 ) within a certain range for a 
c e r t am period of time. Hence, this ratio is ( v ^ - v 3 ) / ( v 2 
v-. ) . Preferablv, the ratio between the net rate cf formation 
of tne desired /3-lactam derivative and the rate of f ermat ion 

55 of tne acid form of the acyiatmc agent does , during a period 
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cf not less than 5 hours, preferably not: less than 13 hours, 
not deviate more than r 5 C % , more preferred not mere than r 
2 0 h, most preferred not more than r 1C %, from the average 
rati: between the net rate cf formation cf the desired p- 
1 act am derivative and the rate cf formation cf the acid form 
of the acylating agent during the same period of time. 


The 3 - lactam derivative formed may precipitate during the 
reaction and, also, the acid form cf the acylating arent such 
as D-phenylglycme and D-p -hydro xypheny iglycine may 
precipitate. Hence, in some cases the reaction mixture will 
be a s lurry througnout the reaction . 


During the process of this invention, it is preferred that 
the total content of the desired 3 -lactam derivative, both in 
dissolved and optionally in precipitated form , in the 
reaction mixture is currently kept below a certain 
concentration. One object of doing so is to try to prevent 
that the viscosity of the reaction mixture becomes coo high. 
Consequently, during the performance of the process at 
constantly high concentrations cf reactants :: this 
invention , it is preferred that the total content cf the 
desired 3 -lactam derivative, both in dissolved and optionally 
in precipitated form, does net exceed 350 mM/ liter reaction 
mixture and preferably does net exceed 250 mM/ liter reaction 
mixture . 

The process according to this invention may be performed in a 
reactor which is equipped with a device for stirring or 
mixing and with means for maintaining the reaction 
temperature within a certain range. Aisc, it is recommended 
that this reactor be connected with an equipment ma mtainmg 
the pH value within a certain range. 

During the continuous performance of the process, 
the amine ^-lactam and the acylating agent may :e added 
continuously or semicontmuously so as to maintain the 
des ired concentrations thereof m the reaction mixture . The 
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resulting 5-Iactam derivative and the acid f orr, of the 
acyiating agent may be removed continuously or 
semiccnt inuously f rcr, the reactor, for example, by removal , 
from the reactor, of a part of the reaction mixture from 
which the resulting ^-lactam derivative and, possibly, the 
acid form of the acyiating agent is removed, for example, by 
centrif ugation or filtration. The mother liquor from this 
centri f ugat ion or filtration may be returned to the reactor 
or may be used to dissolve the amino ^-lactam or the 
acyiating agent. 

Herein, the semicont inuous performance of an action 
means that the action in question is performed several times 
within a certain period of time, for example, during an hour 
or during a day and night. 

The (parent) amino 0-lactam has a free amino group which is 
acylated by the reaction according to this invention. The 
amino lactam may conveniently be 6-APA, 7 -ADC A, 7 -AC A or 7- 
ACCC . 

The amino ^-lactam, for example 6-APA or 7-ADCA, 
used in the process of this invention may be obtained by 
enzymatic hydrolysis of the fermented penicillins or 
cepr.alcspcr ins , (for example penicillin V, penicillin G or 
cephalosporin C) or their ring enlarged analogues (for 
6X£™c 1 ° "_r>r ^ G — G C A " c"*" derivatives thereof followed bv 

removal of the hydrolysis by-product, if desired 
( c h e n o x v a c e t i c acid etc. ) . A d v a n t a g e c u s 1 v , the crude solution 
can be used directly without further purification or 
dilution . 

The acyiating agent may be in an activated form. Preferably, 
the acyiating agent is an amide or an ester. The acyiating 
agent may be a derivative of D-pheny Iglycme , D-o- 
hydroxypheny lgiycme , D-2 , 5 -d ihydropheny ig iyc me or mandelic 
acid, such as a lower alky I ester (methyl, ethyl, r.-propyi or 
iscpropyi ester) or an amide which is unsubst i tuted or 
substituted in the -CCNhU group. The acyiating agerx may be 
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usee in the form cf a salt, for example, the hydrochloride 
sa^t or the H^SC salt. The acyiating agent nay be added in 
an active form or the active fern nay be formed in situ . 

The solubility cf the acyiating agent such as the 

5 D-phenylglycme or D-o-hydroxypheny iglyc ine derivative will 

vary with the identity cf the derivative and vith the 
composition cf the reaction medium. In an aqueous system as 
usee m the examples, the solubility of the hydrochloride 
sale cf D-phenylglycme amide is typically approximately 4 50 

10 nuM. However , the soiubii ity is very dependent cn the salt 

ccmeonents m the solution, as well as cn the pH value and 
che temperature cf the solution. As a further example , the 
Sui'~i' ' tv of the euiehate form, of n-nhenylglycin amide is 
about 3.3 M within a pH range from 2.5 to 6.5. 

15 As aopears from the above explanation , the acyiating agent 

and the /3-iactam derivative may be decomposed forming, inter 
alia , the acid form of the acyiating agent. The acid form of 
the acyiating agent is the parent carboxylic acid 
corresponding to the acyiating agent in question. 

20 Examples cf /J-lactam derivatives that may be prepared by the 

c recess cf this invention are amp ic il 1 in , amcxic il 1 in , 
cefaclor, cephalexin, cephadrcxii, cephradine, epiciilin and 
cef amandol . 

The enzyme to be usee m the process cf this invention may be 
2f anv enzyme catalyzing the reaction m question. Sucn enzymes 

have been known since around 1961. Enzymes to be used are, 
for example, termed penicillin amidase or penicillin acylase 
and classified as E.C. 3.5.1.11. A number of microbial 
enzvmes are known to have this activity , derived from for 
examole Acet cbacter . A 1 ca 1 ieer.es , Xanthomonas , Mvcoclana , 
Pretami neb a cter , Aeremcnas (West German patent application 
havme cublication No. 2,163,7 92) Pseudomonas 'Austrian 
Patent Nc . 24 3986), riavocactenum (Dutch patent application 
No. 70-09 138) , Achanccladium , Ceoha 1 csoo r lun (West German 
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pater.- application having publication No. 2,621,613;, Aceto- 

bacter oasteurianum , Alcal xaenes faecal is , 5acil lus 

neaaterium , Xanthomcnas z it ri i (European patent application 
having publication No . 3 39,751), Kluwera c 1 1 r coh i 1 a 
( Aqr . 3iol . Chen. 37 (1973), 2797 - 2804) and Escherichia coli 
(West German patent application having publication No. 
2 , 93 : , 794 ) . The Escherichia coli enzyme is commercial iy 
available. The enzyme also may be a so-called anpiciilin 
hydrclase, acylase or amidase. In this connection, reference 
ls > inter alia, made to Hakko to Koavc 3 6 (1980), 2 16 et 
seq • - the content of which is incorporated by reference. 

It is preferred to use the enzyme in a reuseable 
r o r it. , for ^Yamnl p ( in entranced or i mm obili^^d ^ c r m 
Immobilization may be done by any known method. Immobilized 
Escherichia coli enzyme is commercially available from 
3oehringer Mannheim GmbH, Germany, under the trade name 
Enzygel® , and Recordati under the trade name Super Enzyme s . 
Preferably, as enzyme Penicillin G acylase, immobilized on a 
carrier consisting of a gelling pc lycarbchydrate and a 
polymer containing free amino groups, is applied. 

The process cf this invention is generally carried cut m a 
system containing water. If desired, an organic seven: may- 
be added. 


Gene; 


the reaction temperature or the orocess of this 


invention may vary between 0 and 35 °C, especially cetween 10 
ana 2C*C. Temperatures in the range from 20 to 30 'C mav be 
preferred for convenient operation. 

The suitable pH value depends, inter alia , on the 
type cf the enzyme used, using Escherichia coli enzvme, the 
pH vilue is typically m tne range from 5 to S , preferablv m 
tne range from 6.1 to 7. For tne preparation cf amcxicillm, 
a pH value m the range from 5.5 to 6.4 is preferred. Control 
c f tne pH value may be used . 

Suitable reaction times are above 5 hours. The 
reaction time mav be davs or weeks. 
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Suitable enzyme ccncenrranons may be f rem 1 to 100 
U/ml 1 U = one unit of enzyme activity, see belcw) . 

Eefcre the process is smarted, the react:: may be 
filled with the exponents in the desired amounts. 

Using the process according to this inversion, an 
extraordinary high molar ratio between the amount of ^-lactam 
derivative which can oe recovered and the total amount of 
acid form, of the acylacmg agent can oe obtained. These high 
ra t;:s are obtained using the teachings of this invention and 
prcteriy selecting the concentration of the acy latir.g agent, 
the ratio between the concentration of acyiatmg agent and 
the starting ammo 5-lactam, the pH value and the enzyme. 
Thus, a ratio ct 2.4 was cotamed in Example 1 be.ow using 
the -recess according to the present invention. In a compara- 
tive batch process, vide Example 1 below, a molar ratio of 
cniv 1.4 was obtained. In addition, the yields of isolated 
product obtained in this example were 90 and 85 %, 
respectively. 

Purification of the product can be achieved by methods known 
re: s e , for example by crystallisation. 

Herein, the following abbreviations have been used: " -AC A is 
T-acnccephaicspcranio acid, " - ACCC is 7 -ammo- 2 -ohicrc-3 - 
ceonem-4 -car boxy late , 7 -ADC A is 7 -ami node sac etc xycep halo- 
socranic acid, 6-AFA is 6-aminopenicilIanic acid, E-HPG is D- 
p-hyoroxyphenylglycme , D-PG is D-pheny Iglycine , D-PGA is D- 
phenylglycme amide, C-PGM is E-phenylglycme methyl ester, 
D-H7GM is D-c-hydroxypheny lgiyc me methyl ester, G-DCA is 7- 
onen-.-lacetamidcdesacetoxycephalospcranic acid, 0-HPC-A is D-o- 
hvdrcxyphenyiglycine amide, and v-DCA is 7 -phencxy aoetamido- 
desacetcxycephalospcranic acid. 


Anv 


novel feature or combination of features desenred herein 
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This invention is further illustrated by the 
following examples which, however, are not to be construed as 
1 uniting . 


DEFINITIONS and METHODS of ANALYSIS 


Enzvme : 


As enzyme Penicillin G acylase (26250 U, size 200- 
500 lid) isolated according to WO application 012782 
immobilized on a carrier consisting of a gelling poly- 
carbohydrate and a polymer containing free amino groups 
according to European patent 22642, is applied. 

As definition of penicillin G acylase activity the 
following is used: one unit (U) corresponds to the amount of 
enzyme that hydrolyses per minute 1 Mmole penicillin G under 
standard conditions (100 g.l" 1 Penicillin G potassium salt, 
0.05 M potassium phosphate buffer, pH value 8.0, 28*C). 

HPLC analysis of ampicillin and c ephalexin: 

Column: R? LC-18, (250 x 4.6 mm; 5^m) 

Eiuent A: 25 mM phosphate buffer, pH value 6.5 

Eiuent 5: acetonitrile 

Gradient: Time, minutes eiuent B, % 

0-10 1-20 
10 - 20 20 

Flew: 1 mi/mm. Detection: 215 nm. 

Retention times in minutes: 4.1 (D-PG); 6.2 (7-ADCA); 8.1 (6- 

APA; ; 9.1 (D-PGA); 13.4 (Cephalexin); 13.9 (Ampicillin); 18 
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HPLC analysis cf amo xicillin: 

Column: Chrc^spner CIS, 5 urn (100 x 2.0 nun) 

Solvent: 25 % acetcnitrile in 12 mM phosphate buffer - 0.2% 

scdiumdodecyisulphate , pK value: 2.6, Flew: 1 mi/mm. UV- 
detection at 214 nm . 

Retention ::xes m minutes: 1.9 (D-g-hycrcxyphenylciycine) ; 
- , 2 ;D-HPGM) ; 3.1 ( D-HPGA ) ; 3.4 (6-APA); 4.8 [Amoxicillin). 

EXAMPLE 1 

ENZYMATIC PREPARATION OF AMOXICILLIN FROM D-HPGM AND 6-APA 

The equipment for this experiment consisted of (see Fig. 1) a 
therr.ostated reactor having a volume cf 1.5 liters, equipped 
with a three-bladed impeller and a sieve with slots 180 Mm 
(open area about 32%). The reactcr was connected to an 
autctitratcr system using 4 M sulphuric acid as titrand. A 
valve was positioned at the outlet cf the reactor. The cutlet 
cf the valve was connected via a pump to a basket centrifuge 
ecuicoed with a polypropylene bag having a density cf 1-5 /im. 
The cutlet from the centrifuge was connected via a pump to a 
feed tank equipped with a stirrer and a glass sinter bottom. 
The cutlet from the feed tank was connected via a pump to the 
reactor . 

A mixture consisting D-HPGM (36.2 c, 2CC mmoi) and 6-APA 
(43.2 a, 2 CO mmoi; in 3 00 mi water was added to the reactor 


the bottom valve closed. The stirring was sta 


_mmo- 


bilized Penicillin G acyiase (2 5250 L\ size 200-500 urn) made 
up to 2 00 ml was added to the reactor . The pK value was 
maintained at 6.1. The reaction temperature was about 20 # C. 
Under these conditions, the reaction mixture was almost 
saturated with D-HPGM and 6 - AFA . Then, tne bcttcm valve was 
opened allowing the reaction mixture from the reactcr to 
enter the centrifuge. Thereafter, the mother liquor from the 
centrifuae was pumped mtc the feed tank wherein D-HPGM 
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(21.7 g, 120 mmcl) and 6-APA (20. C c, 92.5 mmcl) were loaded. 
The total volume cf the suspension in the feed tank was kept 
at accut 75 ml. A flow cf about 100 mi/mm was maintained in 
the system. The concentration cf reaction components m the 
reactor, in the reactor cutlet, m the centrifuge cutlet, in 
the feed tank and m the feed tank outlet were monitored by 
analytical HPLC . 

As the reaction proceeded, the amoxicillin and D-KPG formed 
started to precipitate cut cf solution. The crystals were 
separated from the immobilized enzyme particles by the bottom 
sieve in the reactor and the crystal suspension was led to 
tne centrifuge where the crystals were separated from the 
mother liquor. When the mother liquor, which was now 
undersaturated with respect to D-HPGM and 6-APA, passed 
through the feed tank, some cf the solid D-HPGA and 6-APA 
present dissolved such that the outlet from the feed rank 
contained saturated D-HPGM and 6-APA . When the total 
concentrations of D-HPGM and 6-APA came down to about 225 iuM 
HPG:: and 225 mM 6-APA, more solid substrate was added to the 
:eec ~ank. At intervals the crystals m the centrifuge were 
vasr.ec with water, tne washing liquid was added to the 
reactcr. The amount of water used was sufficient to ;<eep the 
volume in the reactor at its starting level . After washing 
the crystals in the centrifuge, the centrifuge was er.otied. 

Arter about 12 hours, the dosing cf D-HPGM and 6-APA was 
stopped. After 14 hours , the 6-APA concentration reached 2 0 
mM and the reaction was stopped. The amounts of reaction 
components are given m Table 1, below. 


W O 96/02663 ' PCT/EP95/02876 

14 


Table 1. 



substrate 
added 

crystal cake 
at. the end 

in solution 
at the end 

D-KPGM 

606 . 5 g 
(3351 nunol) 

2 . 0 g 
(11 nunol) 

10 . 9 g 
(60 mmol ) 

6-APA 

523 . 4 g 

/ n 4 ? 1 T^r* <~\1 \ 
\ Z ** Z J auutj JL ) 

9 . 0 g 

4.3 g 

Amoxicillin . 

3H 2 0 

0 

909 . 6 g 
(2171 mmol) 

8.4 g 

(20 mmol) 

D-HPG 


0 

12 3 . 7 g 

^ / *-i x uuuw x ; 

30 . 0 g 

/ i r> rs 1 \ 

^ _L O U W X ^ 


Based on the above results, the following yield can be calcu- 
lated: amoxicillin yield (isolated product, based on 6-APA 
added) : 9 0% . / '' / 

1C Amoxicillin productivity: 156 mmol/hour/ 1 iter . 


Hereinafter, the molar ratior between the amount cf 6-latam 
derivative which is formed and the amount of the aci: form of 
the acylating agent formed has been designated R . In this 
example R = 2.4. 


15 A comparative experiment was performed at batchwise 

conditions and the reaction was stopped at the moment where 
the optimum yield cf amoxicillin was obtained (2 hours). The 
reaction temperature was about 20 " C , the pK value was about 
6.1 and 26250 units of the enzyme, mentioned in this example 

20 above, was used. The total volume of the reaction mixture was 

1 liter. The reaction was performed in the reactor mentioned 
above. After 2 hours the bottom valve was opened, and the 
crystals were separated from the immobilized enzyme particles 
by the bottom sieve in the reactor. The crystal suspension 
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was filtered. The amounts of reaction components are given in 
Table 2 , below. 


Table 2. 



substrate 
added 

crystal cake 
at the end 

in solution 
at the end 

D-KPGM 

90.5 g 
(500 mmol) 

0.1 g 
(0.6 mmol ) 

j 4 . z g 
(189 mmol) 

6-APA 

43.2 g 
(200 mmol) 

0.7 g 
(3 mmol) 

3 . 0 g 

(14 Timol ) 

Amoxicillin . 
3H 2 0 

0 

7 0.8 g 
(16 9 mmol) 

4.2 g 
(10 mmol) 

D-HPG 

0 

0 . 3 g 
(2 mmol) 

21.7 g 

(13 0 mmol) 


Amoxicillin yield (isolated product, based on 6-APA added): 
0 8 5%. 

Amoxicillin productivity: 90 mmol/hour/ 1 iter . 
R = 1 . 4 . 

EXAMPLE 2 

ENZYMATIC PREPARATION OF AMOXYCILLIN FROM D-HPG A AND 6-APA 

5 The equipment for this experiment is described in example 1. 

A mixture consisting of D-HPGA (20.0 g, 120 mmol) and 6-APA 
in 300 ml water, which was adjusted at a pH value cf 6.0 by 
adding 4 M ammonium hydroxide , was added to the reactor with 
the bottom valve closed. The stirring 'was started. 
0 Immobilized Penicillin G acylase (26250 U, size 200-500 urn) 

made up to 200 mi was added to the reactor. The pH value was 
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maintained a: 6.0. The reaction temperature was about 2 0 • c . 
Under these ccnditicns the reaction mixture was almost 
saturated with D-HPGA and 6-APA. Then the cotter, valve was 
opened allowing the reaction mixture from the reactor to 
^ enter the centrifuge . Thereafter, the mother 1 iexuer from the 

centrifuge was pumped into the feed tank wherein D-HPGA (20. C 
g, 120 mmoi; and 6-APA (2C.C g, 92.5 mmol) were loaded. The 
total volume of the suspension in the feed tank was kept at 
abouc 7 5 mi . A flew c f about 100 mi /mm was maintained m the 
10 system. The concentration of reaction components m the 

reactor, m the reactor outlet, m the centrifuge cutlet, in 
one :eed tank, and m the feed t a n k cutlet were monitored by 
analytical HPT.r . 


The crystals formed in the reactor were separated from the 
1:> immobilized enzyme particles by the bottom sieve in the reac- 

tor. The crystal suspension was led to the centrifuge where 
the crystals were separated from the mother 1 iquor . The 
mother 1 iquor was passed through the feed tank . When the 
total concentrations in the feed tank came down to about 150 
-0 mM kpga and 22 5 mM 6-APA , more solid was added tc the feed 

tan^: . At intervals the crystal s m the centrifuge were washed 
witr. water, the washing liquid was added to the reactor. The 
amount of water used was sufficient to keep the volume m the 
reactor at its starting level. After washing the crystals m 

...e ^entriruge was emptied. 


■ - * ^ e 


j. nours , tne acsmg c f 6-APA to the reed tank 
was stopped while the D-HPGA desmg was maintained in order 
tc Keep T-H PGA at saturation. After 14 hours, tne 6-APA 
concentration reached 20 mM and the reaction was stepped. The 
amounts of reaction components are given in Table 3 , below . 
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i 

substrate 
added 

crystal at 
the end 

in solution 
at the end 

1 

' D-HPGA 

i 

483.9 g 

(2915 mmol) 

1.3 g 

( 8 mmol ) 

22.4 g 

(13 5 mmol) 

6-APA 

443.0 g 
(2051 .iruncl) 

8 . 0 g 
(37 mmol) 

4.3 g 

(20 mmol) 

Amcxicill in . 
3H 2 0 

0 

758.4 g 
(1810 mmol) 

8.4 g 

(20 mmol) 

D-HPG 

0 

103 . 2 g 
(618 mmol) 

29.7 g 

(17 8 TJTlOl) 


Amoxicillin yield (isolated product, based on 6-APA added): 
88% . 


Amoxicillin productivity: 131 mmol/hour/liter . 
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CLAIKS 

1. A process for preparing a 6-lactan derivative by 
enzymatic reaction of the parent amino /3-iactam with the 
corresponding acylating agent, characterized in that the 

5 reaction is performed at constantly high concentrations of 

both the parent amino ^-lactam and the corresponding 
acylating agent. 

2. A process according to claim 1 wherein both the 
amino p-lactam and the acylating agent are added either 

10 Cuu t *uuuub 1 y u: bemiuunLinauubiy . 

3. A process according to claim l, wherein the 
ratio between, on one hand, the net rate of formation of the 
desired ^-lactam derivative in the reaction mixture (v^ - v^) 
and, on the other hand, the total rate of formation of the 

15 acid form of the acylating agent in the reaction mixture (v 2 

- v 3 ), for a period of about 5 hours, preferably of about 10 
hours, does not deviate more than about t 50 h, more 
preferred not more than about ± 20 %, most preferred not more 
than about r 10 % , from the average ratio between the net 

20 rate of formation of the desired /3 -lactam derivative and the 

total rate of formation of the acid form of the acylating 
agent during the same period of time. 

4. A process according to claim 1, wherein the rate 
of formation of the desired £ -lactam derivative in the 

25 reaction mixture (v 1 ), for a period of about 5 hours, 

preferably about 10 hours, does net deviate more than about ± 
50 %, more preferred not more that about r 20 h , most 
preferred not more that about t 10 %, from the average rate 
of formation of the desired ^-lactam derivative during the 

30 same period of time. 
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5. A process according to any one of the preceding 
claims, wherein the .J -lactam derivative and optionally the 
acid fen:, of the acylating agent is continuously or 
semi continuously removed during the reaction . 

6. A process according to any one of the preceding 
claims, wherein the total content of dissolved and optionally 
precipitated /2-lactam derivative does net exceed the amount 
of 250 mMol/liter reaction mixture. 

7. A process according to any one of the creceding 
claims , wherein the parent amino 3-lactam is selected from 
the group consisting of 6-ammopenicillanic acid, 7-aminodes- 
acetoxycephaicsporanic acid, 7-aminocephalosporanic acid, 7- 
amirc-3-chloro-3-cephem-4-carboxylate, and 7-aminc-3-; [ (l- 
methyi-lH-tetrazol-5-yi) thio] methyl j -3-cephem-4 -carboxylate . 

3 . A process according to any one of the claims l- 
7, wherein the acylating agent is selected from the group 
consisting of a derivative of D-phenylglycine , a derivative 
of D-p-hydrcxyphenylglycme , a derivative of D-2 , 5- 
dihydrophenyiglycme or a derivative of mandelic acid. 

9. A process according to any one of the claims 1 - 
6, wherein the resulting fl-lactam derivative is selected from 
the group consisting of ampicilim, amoxicillin, cefaclor, 
cephalexin, cephadroxii , cepnradine , epic ill m, and 
cef amandol . 

1C. A process according to any one of the preceding 
claims, wherein the reaction is performed at a temperature m 
the range from about 3 to about 25'C, preferably above about 
10 • C. 


11. A process according to any one of the preceding 
claims , wherein the reaction is performed at a pH value m 
the range from above about 5 through about S . 
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12. A process according re any cne of the preceding 
claims, wherein the starting amino /5-lactam is prepared by 
hydro lys is of penicillin V , penicillin G , 7 -phenoxyacetamido- 
desacetcxycepnalcsporanic acid, ~ -phenyl ace tamidodesacet cxy- 
cephaiosporanic acid or Cephalosporin C cr a derivative 
thereof and, optionally, removal of the side chain liberated 
by the hydroiys is . 


12. A process according to any one of the preceding 
claims, wherein the deviating agent is an amide, preferably 
10 an amide wherein the -CCNH 2 croup is unsubst 1 tutec , cr an 

ester contain 1 no 1 - 3 careen stores in the ester part. 


14. A process according to any one of the p receding 
claims, wherein the enzyme used is from Escherichia coil. Acetobacter 
pQSteunamim. Xanihomonas cuni, Kluvvera citrophila. Bacillus magaicnum or 
15 A icq ii ? cn as j a ecu us. 


15. A process accord ing to any one of the preced ing 
claims, wherein an enzymat ical ly active reusable material is 
used . 


. 6 . A ore cess accordinc ~ o anv cne c ^ ^ < 


me preceding 

20 claims, wherein the enzvme used is immobilized. 


17. A process according to any one of the preceding 
claims, wherein the enzymatic reaction is carried cut in an 
aqueous system, optionally together with an organic solvent. 
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